The VITEK 2 (bioMérieux, Marcy LÈtoile, France) and the Phoenix systems (BD Diagnostic Systems, Sparks, Md.) are automated instruments for rapid organism identification and susceptibility testing. We evaluated the workflow, the time to result, and the performance of identification and susceptibility testing of both instruments. A total of 307 fresh clinical isolates were tested: 141 Enterobacteriaceae, 22 nonfermenters, 93 Staphylococcus spp., and 51 Enterococcus spp. Manipulation time was measured in batches, each with seven isolates, for a total of 39 batches. The mean (؎ standard deviation [SD]) manipulation time per batch was 20.9 ؎ 1.8 min for Phoenix and 10.6 ؎ 1.0 min for VITEK 2 (P < 0.001). Mean (؎SD) time to result for all bacterial groups was 727 ؎ 162 min for Phoenix and 506 ؎ 120 min for VITEK 2 (P < 0.001). Concerning identification, Phoenix and VITEK 2 yielded the same results for nonfermenters (100%), staphylococci (97%), and enterococci (100%). For 140 Enterobacteriaceae strains evaluated, 135 (96%) were correctly identified by Phoenix and 137 (98%) by VITEK 2 (P ‫؍‬ 0.72). The overall category agreement for all isolates was 97.0% for both instruments. The minor error rate, major error rate, and very major error rate for all bacterial isolates tested were 3.0, 0.3, and 0.6 and 2.8, 0.2, and 1.7 for Phoenix and VITEK 2, respectively (P values of 0.76, 0.75, and 0.09). The VITEK 2 system required less manual manipulation time and less time than the Phoenix system to yield results.
Automated identification and susceptibility test systems significantly advanced clinical microbiology. Fast and reliable results which improve clinical outcomes and the reduction of costs have been noted by several authors (2, 3, 5) . Various systems have been presented during the last years, such as the Vitek Classic (bioMérieux, Marcy LЈÈtoile, France), the more automated VITEK 2 (bioMérieux) and Microscan Walkaway (Dade-Behring MicroScan, Sacramento, CA), and the recently developed Phoenix system (BD Diagnostic Systems, Sparks, Md.).
Fast results provided by these instruments are not only due to short incubation times for identification (ID) and antimicrobial susceptibility testing (AST) of bacterial isolates but also to hands-on time for setting up the different devices. We compared the different manipulation steps required by the VITEK 2 and Phoenix systems for setting up bacterial isolates for ID and AST. Additionally, the time to result was recorded for each system. The workflow analysis was the main focus of this evaluation; however, efficient workflow must generate accurate results. Therefore, performance characteristics with regard to ID and AST were also investigated. ID results were compared to API systems (bioMérieux), and AST results were compared to standard broth microdilution as recommended by the National Committee for Clinical Laboratory Standards (NCCLS) (14) .
(The findings of this study were partly presented at the 103rd Gen. Meet. Am. Soc. Microbiol., abstr. C-250, 2003.)
MATERIALS AND METHODS

Bacterial isolates.
A total of 307 fresh clinical isolates comprising 141 strains of the family Enterobacteriaceae, 22 nonfermenting gram-negative bacilli (NFGNB), 93 Staphylococcus spp., and 51 Enterococcus spp. were tested in this study ( Table 1 ). The clinical strains were collected in the routine lab of the Laboratory Group Heidelberg from various specimens (blood cultures, wound specimens, tracheal aspirates, and urine).
The collection included various phenotypes with special resistance mechanisms: 11 Enterobacteriaceae isolates with extended-spectrum beta-lactamases (ESBL), 18 methicillin-resistant Staphylococcus aureus (MRSA) isolates, and 18 methicillin-resistant coagulase-negative Staphylococcus spp. Prior to testing, each isolate was subcultured twice on Columbia agar with 5% defibrinated sheep blood (Unipath, Wesel, Germany). Manipulation time was measured in batches, each with seven isolates. Thirty-nine (39) batches, comprising a total of 273 isolates, were tested. For all 307 isolates time to results (TTR) and ID and AST performance was evaluated.
Phoenix. For the Phoenix system, the combined ID and AST NMIC/ID 14 panel for gram-negative bacilli and the PMIC/ID 13 panel for gram-positive cocci were used. The setup of the panels was performed according to the manufacturer's instructions. The Phoenix ID broth was inoculated with bacterial colonies from Columbia blood agar and adjusted to a 0.5 to 0.6 McFarland standard using the Crystal Spec Nephelometer (BD Diagnostic Systems). After supplementing the AST broth with one drop of indicator dye, 25 l of the ID suspension was transferred to the AST broth to achieve a final inoculum density of 1.5 ϫ 10 8 CFU/ml. The ID and the AST broths were poured into the respective side of the panel placed on the Phoenix inoculation station. The inoculated panels were closed and placed into the transport caddy, and, after entering the accession number, the panels were placed into the Phoenix instrument. VITEK 2. For ID testing with VITEK 2, the ID-GPC card was used for gram-positive cocci and the ID-GNB card was used for gram-negative rods. For AST, the AST-P 523 panel was used for gram-positive cocci and the AST-N021 card was used for gram-negative bacilli. A sufficient number of colonies was suspended in sterile saline (0.45%) and adjusted to a 0.5 McFarland turbidity standard using the DensiChek Densitometer (bioMérieux). The inoculated tube was placed in a cassette on the VITEK 2 Smart Carrier Station. The sample number was entered and associated with an ID and AST card. The sample accession numbers and card identification bar code numbers were scanned, and the information was stored on the cassette memory chip. The SCS cassette with the cards and the test tubes was placed on the VITEK 2 instrument where the inoculation of the AST cards was automatically performed by the instrument. Step(s) Time (s)
Step ( approach was reasonable to assess differences between the average TTR for the VITEK 2 and Phoenix systems. Thus, a one-way analysis of variance test with multiple comparisons was used. To examine the accuracy of clinical interpretations, the rates of correct ID were compared for each organism group. For AST, category agreement (CA), minor errors (mE), major errors (ME), and very major errors (VME) were calculated as defined by the U.S. Food and Drug Administration guidance document for each organism group (4) . Differences between correct ID, CA, and error rates were evaluated for significance using Fisher's exact test.
RESULTS
Workflow.
The results of the different steps of the manipulation time are shown in Table 2 . The steps associated with the workflow of each system were timed for 39 batches of seven organisms. The mean time Ϯ standard deviation (SD) of 20.9 Ϯ 1.8 min per batch for Phoenix was significantly longer than 10.6 min Ϯ 1.0 min per batch for VITEK 2 (P Ͻ 0.001). The mean time to prepare one isolate using the Phoenix system was 3.0 min and for VITEK 2 was 1.5 min, resulting in a time savings of 1.5 min per organism. The mean values of the two measurements of the instrument maintenance are included in Table 3 . Over a 30-day period the Phoenix instrument required 21.2 min for maintenance and the VITEK 2 required 63.2 min.
TTR. TTR data of the completed ID and AST results are included in Table 4 . Mean (ϮSD) AST results for Enterobacteriaceae, NFGNB, staphylococci, and enterococci were available in 701 Ϯ 154 min, 851 Ϯ 134 min, 775 Ϯ 161 min, and 660 Ϯ 145 min with the Phoenix instrument; with VITEK 2 results were obtained in 451 Ϯ 76 min, 679 Ϯ 178 min, 514 Ϯ 123 min, and 566 Ϯ 71 min, respectively. For each bacterial group the mean TTR was significantly greater for Phoenix when compared to VITEK 2 (all P values were Ͻ0.001). The overall mean (ϮSD) TTR for the Phoenix system was 727 Ϯ 162 min, significantly higher than the result of 506 Ϯ 120 min for the VITEK 2 system. Analysis of the TTR differences from pairing by organisms for all strains indicated that the overall mean difference between results was 221 min longer for Phoenix (P Ͻ 0.001).
ID.
Of the 141 Enterobacteriaceae strains tested, 135 (96%) were correctly identified by the Phoenix system and 137 (98%) were correctly identified by the VITEK 2 system; both systems identified 100% of the 22 NFGNB tested (Table 4 ). For staphylococci, both systems achieved an accuracy of 97% for 93 isolates tested. Two strains (one Enterobacteriaceae isolate, one Staphylococcus spp.) could not be resolved by the API reference method and were therefore not used for evaluation. For 51 enterococci, both systems correctly identified 100% of the isolates to the species level. Two of the species required motility tests to resolve correct ID of the isolates.
AST. The overall category agreement for all isolates was 97.0% for both instruments. The minor error rates, major error rates, and very major error rates for all bacterial isolates tested were 3.0, 0.3, and 0.6 and 2.8, 0.2, and 1.7 for Phoenix and VITEK 2, respectively (P values of 0.76, 0.75, and 0.09). The AST results of all single antimicrobials and organisms included in this study are shown in Table 5 . The 11 ESBL-producing Enterobacteriaceae isolates were correctly detected by Phoenix; VITEK 2 missed one K. oxytoca isolate. The oxacillin resistance mechanism was correctly detected by both systems.
DISCUSSION
The main purpose of this study was to compare the setup workflow for the Phoenix and the VITEK 2 systems. However, in addition to efficient workflow, the TTR and reliability of the AST and ID results are also of importance. Therefore, the accuracy of ID and the AST performance parameters were calculated and are discussed.
Workflow. An important issue when conducting workflow comparative studies is the experience of the technicians with each system. Our technicians were well trained and experienced in the operation of both systems, as several previous studies have been performed with both of these systems ( . In this study, the mean time to set up one bacterial isolate was 3.0 min for the Phoenix system and 1.5 min for the VITEK 2 system (P Ͻ 0.001). The longer hands-on time for the 
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Phoenix instrument was mainly due to the additional manual steps of transferring 25 l of ID broth to AST broth, dropping of the indicator dye into the AST broth, inoculating the panels with the respective broth, closing the panels, placing the panels in the transport caddy, and entering the panels into the instru- . The following workflow steps were measured to process 50 isolates: logging of isolates into ID and AST system (3.3 min), manual labeling of the panels (7.7 min), inoculation of panels (14.6 min), and the loading of the panels into the instrument (3.8 min). These selected values were similar to our respective manipulation steps. Unfortunately the inoculum preparation time was not evaluated in this study due to the significant differences between the processes normally associated with overnight ID and AST analysis (Microscan) and n % n % mE ME VME mE ME VME CA mE ME VME mE ME VME CA "rapid" ID and AST analysis (Phoenix). Therefore, the final results are not comparable to our evaluation, where the differences between both instruments were mainly due to specimen inoculum preparation procedures. Our result of 1.5 min for setting up one isolate for the VITEK 2 instrument is in accordance with other investigators, considering the fact that each study design is slightly different. TTR. In this study, TTR was determined when the results of all antibiotics on one card or panel were final. The mean TTR evaluated for the different bacterial groups were significantly longer for Phoenix in comparison to VITEK 2. To our knowledge no other direct studies had been published on comparative TTR results between both instruments. The results available are from separate studies for each instrument, therefore a comparison with this study is not valid.
For complete ID and AST results with the Phoenix system, Donay et al. required 7.5 h, 16.0 h, 13.0 h, 10.5 h, and 11.0 h for E. coli, all NFGNB isolates, P. aeruginosa (exclusively), S. aureus, and E. faecalis, respectively (6). Endimiani et al. reported an average TTR of 14.8 h Ϯ 1.6 h for NFGNB and a lower TTR of 13.0 h Ϯ 1.8 h for Acinetobacter baumannii (7) .
With regard to VITEK 2, the results reported in this study were almost in accordance with other evaluations. In a previous study we collected AST TTR for 3,143 fresh clinical isolates reported by VITEK 2 in our routine laboratory (A. M. Fahr (12, 15) .
For ID and AST, several studies have compared either the Phoenix or VITEK 2 system with reference methods (1, 6, 7, 8, 9, 10, 11, 12, 13, 15, 16, 17) .
ID. Both systems were equally good at identifying all four bacterial groups examined (96% to 100% AST. For all bacterial groups the CA was Ͼ95% for both instruments, only for NFGNB we observed a CA of 84.8% for Phoenix and 86.9% for VITEK 2. For both instruments similar results were obtained for mE and ME, whereas VITEK 2 had a larger but not significant VME rate compared to Phoenix for Enterobacteriaceae, NFGNB, and staphylococci. For the Phoenix system similar CA of Ͼ95% are reported for Enterobacteriaceae, staphylococci, and enterococci with a low VME rate of Ͻ1.5% (6, 8, 16) . For P. aeruginosa, Donay et al. reported a CA of 75.8% with a VME rate of 0.3% for Phoenix (6) . For VITEK 2 comparable results with our study were reported for gram-negative isolates (12, 13 ). For 138 Enterobacteriaceae tested Pérez-Vázquez et al. observed an essential agreement of 97.8% with a VME rate of 6.1%, mainly due to piperacillin (15) . Good performance in detecting vanA, vanB, and vanC1 resistance mechanisms in enterococci was stated by van In conclusion, the mean setup time for one bacterial isolate was significantly longer with Phoenix when compared to VITEK 2, whereas VITEK 2 required more maintenance time than Phoenix. TTR for all bacterial groups was shorter with VITEK 2 when compared to the Phoenix system, so more results will be available with the VITEK 2 instrument on the same day. VITEK 2 had a larger VME rate than the Phoenix system, the difference being not significant. CA, mE, ME, and correct ID rates were equally good for both systems.
